Introduction
============

Raltegravir (RAL), brand name Isentress® (Merck and Co., Inc., Whitehouse Station, NJ, USA), was approved by the United States Food and Drug Administration (FDA) for the treatment of human immunodeficiency virus (HIV) infection in antiretroviral treatment-experienced patients in October 2007.[@b1-idr-7-073] It was the first medication approved in a novel class of antiretrovirals known as integrase strand-transfer inhibitors (INSTIs) or integrase inhibitors. Since the approval of RAL, two other agents have been added to the integrase inhibitor class. Elvitegravir (EVG), currently only available in the fixed-dose combination tablet Stribild® (EVG/cobicistat/tenofovir \[TDF\]/emtricitabine \[FTC\]; Gilead Sciences, Inc., Foster City, CA, USA) was approved in August 2012, and dolutegravir (Tivicay®, ViiV Healthcare, Brentford Middlesex, UK) was approved in August 2013.[@b2-idr-7-073],[@b3-idr-7-073] Following its initial approval, RAL's indication was expanded in 2009 to include initial treatment of antiretroviral treatment-naïve patients, and, in 2011, it was approved for use in children and adolescents 2--18 years of age.[@b4-idr-7-073],[@b5-idr-7-073]

As with most new antiretroviral agents, initial FDA approval of RAL was based on 48-week clinical data.[@b6-idr-7-073],[@b7-idr-7-073] HIV-infection is now treated as a chronic disease, and affected patients will potentially be on life-long therapy; 48-week studies leave the questions of viral suppression durability and long-term safety and tolerability unanswered. RAL has now been in clinical use for over 6 years; in 2013, 5-year clinical trial data was published on its use.[@b8-idr-7-073],[@b9-idr-7-073] This review will summarize the available data supporting the safety and efficacy of RAL in long-term use.

Pharmacology
============

RAL is a hydroxypyrimidinone carboxamide that functions as an INSTI, similar to other HIV integrase inhibitors.[@b10-idr-7-073]--[@b12-idr-7-073] Integrase catalyzes two consecutive steps for integration of proviral sequences into host nuclear DNA: 3′-processing, in which proviral DNA sequences are cleaved in the cytoplasm, and strand transfer of the pre-integration complex, in which 3′ ends are attached to the host chromosome in the nucleus.[@b13-idr-7-073] RAL inhibits integration of the pre-integration complex by binding to magnesium or manganese cofactors in the integrase enzyme, leading to inhibition of the strand-transfer reaction.[@b10-idr-7-073]

RAL is considered a first-generation INSTI based on its resistance profile. It exhibits potent activity against wild-type HIV-1, with an in vitro 95% inhibitory concentration of 15 ng/mL in 50% human serum.[@b14-idr-7-073] Resistance to RAL has been noted through one of three different pathways: Q148H/K/R ± G140S/A, N155H ± E92Q, and Y143C/R ± T97A. Acquisition of Q148H/K/R, Y143C/R, or N155H is associated with a greater than ten-fold decline in susceptibility to RAL and is frequently accompanied by one or more resistance-associated mutations that further reduce susceptibility.[@b15-idr-7-073]

Pharmacokinetics
================

RAL is rapidly absorbed from the gastrointestinal tract, with peak plasma concentration achieved within a median of 0.5 to 1.3 hours in the fasting state.[@b14-idr-7-073] Administration with a high-fat meal increases area under the serum concentration--time curve (AUC) and minimum serum concentration (C~min~) by 19% and 7.5-fold, respectively; however, RAL may be given without regard to food.[@b16-idr-7-073] Serum concentrations decline in a biphasic manner with a terminal elimination half-life of 7--12 hours in HIV-negative, healthy volunteers.[@b14-idr-7-073] RAL exhibits high inter- and intrapatient pharmacokinetic variability, with 212% and 122% variance in trough concentrations, respectively.[@b17-idr-7-073] RAL undergoes hepatic metabolism primarily by uridine diphosphate glucuronosyltransferase 1A1 (UGT1A1) and has a single inactive glucuronide metabolite.[@b18-idr-7-073] Subjects with polymorphic UGT1A1 have higher AUC and C~min~ (40% and 91%, respectively) but do not require dosage adjustment.[@b19-idr-7-073] Renal elimination accounts for approximately 10% of the oral dose as unchanged drug. Protein binding to plasma proteins is 83%.[@b14-idr-7-073]

RAL is not a substrate, inhibitor, or inducer of cytochrome P450 enzymes and exhibits low potential for drug--drug interactions; however, strong UGT1A1 inhibitors or inducers can alter the pharmacokinetics of RAL.[@b18-idr-7-073] Coadministration of RAL and atazanavir with or without ritonavir results in modest increases in RAL systemic exposure (45%--75%) in healthy subjects that are not considered to be clinically significant.[@b20-idr-7-073] Comparable increases in RAL AUC have been observed in HIV-infected subjects with atazanavir.[@b21-idr-7-073] Rifampin reduces RAL serum concentrations by 40%--60% and requires an increase in RAL dose to 800 mg twice daily to achieve comparable systemic exposures.[@b22-idr-7-073] Coadministration of RAL with efavirenz, etravirine, or maraviroc results in modest reductions (21%--34%) in RAL C~min~ in healthy volunteers but is not considered to be clinically significant.[@b23-idr-7-073]--[@b26-idr-7-073] TDF elevates RAL serum concentrations by 69%--78% but is not associated with safety concerns.[@b27-idr-7-073] RAL is a substrate for p-glycoprotein and exhibits lower serum concentrations with tipranavir/ritonavir coadministration (AUC and C~min~ decreased by 24% and 54%, respectively) in healthy volunteers.[@b18-idr-7-073],[@b28-idr-7-073] Viral suppression (HIV-1 RNA below 50 copies/mL) was achieved in 55% of antiretroviral-experienced patients with this combination in Phase III studies, so no dosage adjustment is deemed to be necessary.[@b29-idr-7-073]

Acid suppressants have mixed effects on RAL serum concentrations. Omeprazole increases RAL systemic exposure by three-fold and trough concentrations by 45% in healthy volunteers, presumably due to improved RAL bioavailability at higher gastric pH. The effect of acid suppressants on RAL trough concentrations in HIV-infected subjects is less pronounced (\~20%) and does not warrant dosage adjustment.[@b30-idr-7-073],[@b31-idr-7-073] Conversely, administration of RAL with an aluminum-, magnesium-, and simethicone-containing antacid reduces RAL trough concentrations by 67%. The clinical significance of this reduction in RAL concentration is unknown, but patients should be advised to separate RAL and antacid coadministration by a minimum of 2 hours, and preferably by 4 hours, to avoid an interaction.[@b32-idr-7-073]

Antiretroviral treatment-naïve studies
======================================

The long-term efficacy of RAL as an initial regimen for HIV treatment has been studied in two major clinical trials: the STARTMRK trials and Protocol 004 ([Table 1](#t1-idr-7-073){ref-type="table"}). In both of these trials, RAL is paired with two nucleoside reverse-transcriptase inhibitors (NRTIs) and efficacy is compared to that of efavirenz coupled with the same NRTI backbone. These two studies allow for analysis of long-term efficacy of RAL as they were conducted over the course of 5 years.[@b6-idr-7-073],[@b8-idr-7-073],[@b33-idr-7-073],[@b34-idr-7-073]

STARTMRK 1 and 2
----------------

The STARTMRK 1 and 2 trials were blinded, double-dummy, randomized, Phase III clinical trials comparing RAL to efavirenz with an NRTI backbone of TDF and FTC. Efficacy outcomes were planned for 96 weeks but extended to 240 weeks with blinding maintained throughout the study duration.[@b6-idr-7-073],[@b8-idr-7-073] Participants had to have an initial viral load \>5,000 copies/mL and no documented resistance to any study medications. The primary efficacy end point was the percentage of patients with viral RNA levels \<50 copies/mL, utilizing a non-completer equals failure approach.

Overall, 281 and 282 patients were enrolled in the RAL and efavirenz arms, respectively. In regard to the primary outcome at week 48, 241 of 280 (86.1%) RAL patients had a viral load \<50 copies/mL, with 81% remaining suppressed through week 96. To support long-term efficacy, 71% (198/279) of RAL patients remained suppressed at week 240. This compared to 171 of 279 (61.3%) efavirenz recipients. The authors discuss the long-term efficacy of RAL, pointing out the relatively low number of discontinuations throughout the 5-year study period. Seventy-one (25%) patients on RAL discontinued therapy prior to the end of the study period. Of those 71 patients, only six discontinued due to lack of efficacy. The remaining 65 patients discontinued therapy due to adverse effects or withdrawal of consent, or were lost to follow-up. Of those six patients, four discontinued RAL within the first 48 weeks. Thus, of the 257 RAL patients who continued the study past 48 weeks, discontinuation due to efficacy was only of concern for two (0.8%).

Protocol 004
------------

A second trial, Protocol 004, also compared previously untreated patients on an initial regimen of either RAL or efavirenz paired with TDF and lamivudine.[@b33-idr-7-073],[@b34-idr-7-073] This multicenter, double-blind, randomized controlled study included patients with HIV-1 viral RNA ≥5,000 copies/mL. After a 48-week period looking at efficacy of RAL doses ranging from 100 mg to 600 mg twice a day, all patients in the RAL group were consolidated and received RAL 400 mg twice daily for the remainder of the 5-year study.

A total of 160 patients received a RAL containing regimen and 38 received an efavirenz containing regimen. By the end of 5 years, 44 (27%) patients in the RAL group and 12 (31%) in the efavirenz group had discontinued the study. Of the 44 in the RAL group, only four stopped treatment due to lack of efficacy. Two of the four patients who discontinued due to lack of efficacy failed within the first 48 weeks. In regard to primary outcomes, with study discontinuation considered failure, 85% of patients on RAL had viral loads \<400 copies/mL at both 24 and 48 weeks. This percentage dropped to only 80% by the end of 5 years. Viral load \<50 copies/mL was a secondary end point, with 110 (69%) of the patients on RAL compared to 24 (63%) in the efavirenz group achieving this goal at 240 weeks.[@b33-idr-7-073],[@b34-idr-7-073]

SPRING-2
--------

The most recently published comparative trial reporting 96-week data, SPRING-2, is a comparison of RAL with the newest INSTI, dolutegravir (DTG), each combined with an NRTI backbone.[@b35-idr-7-073],[@b36-idr-7-073] This study is ongoing and is a Phase III trial looking at noninferiority of DTG compared to RAL in a treatment-naïve population. Although the study is designed to look at DTG outcomes, the 96-week results lend support to long-term efficacy of RAL, showing 76% of patients with viral loads \<50 copies/mL.[@b36-idr-7-073] In contrast to previously reported studies, 14 patients were reported as discontinued due to lack of efficacy, but little detail was given.[@b36-idr-7-073]

SHIELD
------

A final, smaller study looking at the long-term efficacy of RAL with NRTIs paired the medication with abacavir and lamivudine.[@b37-idr-7-073] This study, the SHIELD trial, was a noncomparative, open-label trial that enrolled patients with HIV-1 RNA \>1,000 copies/mL within 21 days prior to study enrollment. At week 96, HIV-1 RNA was \<50 copies/mL in 77% (27/35) of patients using a non-completion equals failure analysis. While the majority of the patients who discontinued the study did so after week 48 (five patients), only one was discontinued due to lack of efficacy.

PROGRESS
--------

In comparison to the first three trials, long-term, 96-week efficacy and safety of RAL in treatment-naïve patients has also been analyzed when used as part of an NRTI sparing regimen.[@b38-idr-7-073] In the PROGRESS study,[@b38-idr-7-073] patients were antiretroviral naïve, and had viral loads \>1,000 copies/mL at screening. These patients were randomized to lopinavir/ritonavir with either RAL or TDF/FTC. The efficacy was evaluated as the proportion of subjects with plasma HIV-1 RNA \<40 copies/mL at 96 weeks.

In this study, 101 patients were assigned to lopinavir/ritonavir with RAL and 105 to lopinavir/ritonavir with TDF/FTC. In the RAL group, 19 (19%) discontinued the study versus 15 (14%) in the TDF/FTC group. Of the 19 patients assigned to RAL who discontinued therapy, only one was noted as due to virologic failure. At 96 weeks, 67 (66.3%) patients receiving RAL and 72 (68.6%) of those receiving TDF/FTC had a viral load \<40 copies/mL. In addition, the authors note the long-term durability of the RAL + lopinavir/ritonavir regimen by citing that 63% of all patients suppressed on the regimen maintained undetectable viral loads throughout the remainder of the study, with only another 21% having one viral blip reported before returning to undetectable.

Antiretroviral treatment-experienced studies
============================================

BENCHMRK 1 and 2
----------------

The initial approval of RAL for use in HIV-infected, treatment-experienced patients was based on the BENCHMRK 1 and 2 trials; each was a large, multicenter, international trial with 699 patients combined ([Table 2](#t2-idr-7-073){ref-type="table"}).[@b9-idr-7-073] The BENCHMRK studies were Phase III, randomized, doubleblind, placebo-controlled trials in HIV-infected patients with documented 3-class resistance (resistance to at least one NRTI, one non-NRTI, and one protease inhibitor \[PI\]) and failing current antiretroviral therapy. The primary end point was viral suppression at week 48, but the trial remained blinded to week 156. Upon completion of the double-blind portion, approximately 50% of patients in the original RAL treatment arms entered an open-label extension arm that reported outcomes at 240 weeks. These 240-week outcome data provide the most compelling evidence for the durability of RAL-containing regimens.

The studies compared RAL against placebo, both paired with optimized background therapy (OBT) selected by the investigator based on the patient's treatment history and any available genotypic or phenotypic resistance results. Although darunavir was still investigational at the time of enrollment, it was allowed to be included in the OBT. Efficacy was measured by the percentage of patients achieving HIV viral loads \<400 copies/mL and \<50 copies/mL using a non-completer equals failure approach.

Long-term efficacy was demonstrated by the continued response rate throughout follow-up. At week 48, 62.1% (285/459) of RAL recipients had a viral load \<50 copies/mL.[@b7-idr-7-073] The response rate continued to be strong, with 51% (233/461) of RAL patients maintaining a viral load \<50 copies/mL at week 156. To further support the durability of RAL-containing regimens, the open-label continuation arm reported 42% (193/462) of patients with viral loads \<50 copies/mL at 240 weeks. This shows that 77% of RAL treated patients entering the open-label study maintained viral suppression of \<50 copies/mL between weeks 156 and 240. Of the 30 patients who did not complete the 240 weeks, only eight (3%) of them were identified as dropping out due to poor efficacy. The authors noted that most virologic failure in those patients treated with RAL occurred in the first 48 weeks. The reasons for failure were likely multifactorial, including adherence, adverse effects, and resistance development; however, most patients who achieved suppression at week 48 continued to maintain suppression throughout follow-up, supporting long-term efficacy of RAL-containing regimens.[@b9-idr-7-073]

Protocol 005
------------

The only other placebo-controlled RAL trial that has published longer-term outcomes is Protocol 005, a Phase II, dose-ranging study started prior to the BENCHMRK trials reporting 96-week data.[@b39-idr-7-073],[@b40-idr-7-073] This study consisted of four arms, three with differing RAL doses (200 mg, 400 mg, or 600 mg, administered twice daily) and one placebo comparator arm, each paired with OBT selected on the basis of resistance and antiretroviral treatment history. The patients in this study were also multi-drug resistant with documented 3-class resistance. Neither tipranavir nor darunavir were allowed to be used as part of the OBT.

The study protocol specified a blinded design to week 24, at which time patients were allowed to continue or join in an open-label extension with RAL 400 mg twice daily for a total of 96 weeks. Ninety-four of the original 133 RAL patients continued into the open-label portion of the trial; 86 patients completed the 96 weeks of therapy. At the end of 24 weeks, approximately 60% of patients in the combined RAL arms achieved a viral load \<50 copies/mL. At week 48, this percentage fell to 55%, and, at week 96, 48% remained suppressed. Nine patients who achieved \<50 copies/mL at week 48 experienced viral rebound prior to week 96. Seven of the nine patients had a genotypic sensitivity score of 0, indicating extensive antiretroviral resistance. Considering durable virologic suppression, 92% of patients achieving \<50 copies/mL at week 24 remained suppressed at week 96. This also supports the hypothesis that failure generally occurs earlier in therapy, and that, once suppression is achieved, the effect is durable.[@b39-idr-7-073],[@b40-idr-7-073]

Study 145
---------

The final comparative trial with published 96-week data, Study 145, is a recently published study comparing virologic outcomes of RAL with the more recently approved integrase inhibitor EVG.[@b41-idr-7-073] This study was a double-blind, randomized, active-controlled trial conducted in treatment-experienced patients. The two study arms were RAL or EVG in combination with a ritonavir-boosted PI and a third agent chosen at the discretion of the study clinician. Noninferiority was evaluated at week 48, but the study remained blinded until week 96. Using a modified intent-to-treat design, patients with viral loads \<50 copies/mL at week 48 for EVG and RAL were 59% (207/351) and 58% (203/351), respectively. At week 96, 45% (158/351) of the RAL patients remained suppressed at \<50 copies/mL. Again, looking at durability of the RAL regimen, 78% of those patients achieving an outcome of \<50 copies/mL maintained suppression to week 96. Of the 45 patients not achieving the viral load goal, only 22 were identified as discontinuing due to virologic failure. The remaining 23 patients discontinued due to adverse events or other reasons unrelated to the study drug.[@b41-idr-7-073]

Noncomparative studies
----------------------

Two noncomparative trials looking at RAL as part of salvage regimens in patients with extensive antiretroviral resistance have also published 96-week data.[@b42-idr-7-073],[@b43-idr-7-073] A multicenter, observational study conducted in Italy included 320 patients initiated on RAL in combination with a background regimen based on genotypic sensitivity and treatment history. At week 96, 292 (91.25%) patients were still receiving their initial therapy. Eight patients who were not on their baseline regimen were still on a RAL-containing regimen with an alteration to the background regimen. Ninety-one percent of patients (273/300) who were still receiving RAL at 96 weeks had a viral load \<50 copies/mL.[@b42-idr-7-073]

In 2012, French researchers published the 96-week data from the ANRS 139 TRIO study.[@b43-idr-7-073] This study was a Phase II, multicenter, noncomparative trial looking at outcomes in multi-drug resistant patients on a regimen of RAL, ritonavir-boosted darunavir, and etravirine in combination with an optimized background regimen consisting of NRTIs or enfuvirtide. Patients had to be naïve to RAL, darunavir, and etravirine to meet inclusion criteria. At week 48, the study reported that 86% of patients had achieved a viral load \<50 copies/mL. Of these patients, 100 agreed to participate in extended follow-up, and, at week 96, 88% of those patients had a viral load \<50 copies/mL with a 95% confidence interval of 82%--94%. Furthermore, the authors stated that the inclusion of an optimized background regimen did not significantly affect the results, reporting 81% success without an OBT and 85% with an OBT. The authors also concluded that baseline HIV RNA, CD4, and genotypic sensitivity score were not related to success at 96 weeks. Only seven patients experienced virologic failure between week 48 and week 96; this included two patients with missing data who were classified as failure.[@b43-idr-7-073]

These trials demonstrate long-term efficacy and viral suppression durability with RAL that ranged from 96 to 240 weeks. Most failures appear to occur in the first 24 to 48 weeks of therapy. This is likely not due to drug efficacy, but rather adherence and other factors.

Switch studies
==============

Providers often find themselves needing to change antiretroviral therapy for reasons other than virologic failure, most commonly adverse effects, drug interactions, and patient preference. There have been several studies looking at substituting RAL for another agent in a patient virologically suppressed ([Table 3](#t3-idr-7-073){ref-type="table"}). These trials have examined substitutions for enfuvirtide, ritonavir-boosted PIs, and efavirenz. Outcomes from these trials tend to be shorter and range anywhere from 4 to 48 weeks.[@b44-idr-7-073]--[@b49-idr-7-073]

Two studies have reported outcomes at 48 weeks.[@b45-idr-7-073],[@b46-idr-7-073],[@b48-idr-7-073] One study examined RAL substituted for enfuvirtide, and the second study looked at using RAL in place of a ritonavir-boosted PI.[@b45-idr-7-073],[@b46-idr-7-073],[@b48-idr-7-073] The EASIER ARNS 138 trial was an open-label, randomized study looking at patients with 3-class drug failure or intolerance on enfuvirtide-based regimens with viral loads \<400 copies/mL for \>3 months.[@b45-idr-7-073],[@b48-idr-7-073] All patients were naïve to integrase inhibitor therapy. Patients were randomized 1:1 to either stay on their current antiretroviral therapy or substitute RAL for enfuvirtide, maintaining their current backbone therapy. The study group remaining on their original regimen was offered the option to switch to a RAL-based regimen at week 24 with all patients switching at that time.

The primary end point was the proportion of patients with failure up to week 48. Secondarily, the percentage of patients with viral loads \<50 copies/mL was also reported. One-hundred and seventy patients were randomized; 168 patients completed 48 weeks of therapy (two were not included due to withdrawal prior to study or for non-medication-related reasons). Ninety-eight percent of patients at time of enrollment were receiving at least three antiretrovirals in addition to enfuvirtide. At baseline, 86% of patients had a viral load \<50 copies/mL and, at 48 weeks, 90% of patients in the switch arm achieved a viral load of \<50 copies/mL. In the RAL arm, only one patient developed virologic failure, with no emergence of RAL resistance mutations. This patient was highly treatment experienced, with a genotypic sensitivity score of 0. In the intent-to-treat analysis, the failure rate for RAL was 1.2% (this included a non-drug-related treatment failure). In all but one patient, RAL regimens also contained a ritonavir-boosted PI. Among the two arms, there was no significant change in virologic suppression and no change in CD4 count.[@b45-idr-7-073]

The SPIRAL study was a multicenter, randomized, open-label trial conducted in Spain that looked at substituting RAL for the ritonavir-boosted PI component of a suppressive antiretroviral regimen.[@b46-idr-7-073] Two hundred and eighty-two patients were randomized, with 273 receiving at least one dose of medication. Patients included in the trial were stable on current antiretroviral therapy consisting of a ritonavir-boosted PI with at least two other agents and a viral load \<50 copies/mL for at least 6 months. The primary end point was the proportion of patients who were not considered treatment failures at 48 weeks, utilizing a non-completer equals failure approach. At week 48, 89.2% (124/139) of patients switched to RAL and 86.6% (116/134) patients maintaining their ritonavir-boosted PI regimen were not considered treatment failures. When looking at virologic failure specifically, 96.9% and 95.1% of RAL and ritonavir-boosted PI patients were non-failures, respectively. Of the four RAL virologic failures, three had failed by week 16 and only one at week 48. Though not significant, this shows a trend to early failure with RAL switch, supporting long-term efficacy with those patients not experiencing early failure.[@b46-idr-7-073]

In two identical parallel studies, SWITCHMRK 1 and 2, patients controlled on twice-daily lopinavir/ritonavir with a two NRTI backbone were randomized to either continue or to substitute RAL 400 mg twice daily for lopinavir/ritonavir.[@b47-idr-7-073] The primary efficacy end point was the proportion of patients with a viral load \<50 copies/mL. Although this study only has 24-week data, it is important in that it was terminated early when an advisory committee recommended study discontinuation due to increased rates of virologic failure in the group that switched to RAL.[@b47-idr-7-073]

Using an intent-to-treat analysis, in SWITCHMRK 1, 80.8% of patients on RAL (n=139) and 87.4% on lopinavir/ritonavir (n=152) had suppressed virus, while 88.0% of RAL patients (n=154) and 93.8% of lopinavir/ritonavir patients (n=167) were suppressed in SWITCHMRK 2. Combining the studies leads to a treatment difference of −6.2% (−1.3% to −11.2%) in favor of lopinavir/ritonavir. The difference in outcomes between the previously discussed switch studies and these two may be partially explained by patient selection. A post hoc analysis determined that those patients on their first antiretroviral regimen or without previous virologic failure had similar suppression rates whether on RAL or lopinavir/ritonavir. Researchers therefore theorized that patients on RAL who experienced virologic failure may have been on an NRTI backbone that was not fully susceptible and therefore less effective.[@b47-idr-7-073]

These switch studies highlight the need for careful and complete examination of patients' prior antiretroviral exposure before making any changes to therapy. With appropriate patient selection, the SWITCHMRK studies likely would have shown equal efficacy among the RAL and lopinavir/ritonavir regimens. As RAL does have a lower genetic barrier to resistance than ritonavir-boosted PI-based regimens, it is likely not the best choice in patients with few background options; however, with careful consideration and evaluation of patient antiretroviral therapy history, RAL substitutions for whatever reason (tolerance, drug interactions, patient preference) are likely to be successful.

Long-term safety and tolerability
=================================

RAL is considered one of the better-tolerated antiretroviral medications, due to limited side effects and few long-term safety concerns. Adverse effects from clinical trials have been consistent in both treatment-naïve and treatment-experienced patients. The most common adverse effects reported were headache, nausea, and diarrhea.[@b50-idr-7-073] Although central nervous system adverse effects have been described, they most often occur in the presence of elevated RAL serum concentrations and are less common compared to non-NRTIs.[@b8-idr-7-073],[@b34-idr-7-073],[@b51-idr-7-073] Laboratory changes that have been noted in clinical trials include mild increases in aspartate aminotransferase and alanine aminotransferase; however, these lab value increases are infrequent and, in many studies, not shown to be statistically significant.[@b9-idr-7-073],[@b34-idr-7-073],[@b47-idr-7-073]

Serious adverse effects with RAL are rare, and include rhabdomyolysis and severe skin and hypersensitivity reactions.[@b52-idr-7-073],[@b53-idr-7-073] Trials that focused on the safety and efficacy of RAL described several reports of increased creatine kinase (CK), including a few patients that progressed to rhabdomyolysis.[@b34-idr-7-073],[@b36-idr-7-073] In an attempt to determine the incidence of this adverse effect, a recent cross-sectional study evaluated the occurrence of skeletal muscle toxicity in HIV-infected patients on RAL compared to patients on other antiretroviral therapy.[@b54-idr-7-073] Skeletal muscle toxicity was defined as the presence of at least one of the following: asymptomatic, isolated CK elevation; diffuse myalgia without weakness; proximal myopathy (proximal weakness on examination); or rhabdomyolysis. Of the 318 patients enrolled, skeletal muscle toxicity was present in 37% of the RAL group versus 19% in the control group (*P*\<0.001); however, no patients developed rhabdomyolysis.

A second study from Spain evaluated CK elevation retrospectively in a cohort of 475 patients on RAL-containing regimens.[@b55-idr-7-073] The investigators utilized the World Health Organization recommendations for the classification of acute and subacute toxic effects. CK elevations were seen in 53 patients (11.2%), with an incidence of 3.8/100 person-years. Symptoms were reported in seven patients, all of whom had only a grade 1 or 2 elevation in CK. No cases of rhabdomyolysis were reported. Based on a multivariate analysis, the authors stated that evidence of CK elevation prior to RAL therapy and abnormal baseline CK were associated with higher risk of CK elevation. Although there was no control group for comparison, the cohort revealed CK elevations to be not uncommon, yet associated with few symptoms or clinical outcomes.[@b55-idr-7-073]

In 2011, an FDA MedWatch report updated the adverse effect section of the package insert to include severe skin and hypersensitivity reactions.[@b56-idr-7-073] The report cites cases of Stevens--Johnson syndrome and toxic epidermal necrolysis and encourages close monitoring for these adverse events. Additional postmarketing adverse reactions reported to MedWatch include depression, anxiety, thrombocytopenia, increased aspartate aminotransferase and alanine aminotransferase, and rhabdomyolysis. Furthermore, a recent meta-analysis of 48 studies that reviewed the safety and efficacy of RAL noted similar findings of nausea, diarrhea, skin rash, CK elevation, muscle weakness, rhabdomyolysis, transient elevation of serum transaminase levels, and hypersensitivity reactions.[@b57-idr-7-073]

Several trials have evaluated the reduction in adverse effects in patients switched from various antiretroviral agents to RAL. Treatment-naïve studies have demonstrated a lipid-neutral effect in patients on RAL-containing regimens.[@b6-idr-7-073],[@b8-idr-7-073],[@b33-idr-7-073],[@b34-idr-7-073] When transitioning patients from a ritonavir-boosted PI regimen, statistically significant decreases in total plasma cholesterol, low-density lipoprotein, and triglycerides were demonstrated.[@b46-idr-7-073],[@b47-idr-7-073] The SPIRAL study, as discussed previously, was a multicenter study looking at substituting RAL for the ritonavir-boosted PI component of a suppressive antiretroviral regimen.[@b46-idr-7-073] A defined secondary outcome was the change in fasting plasma lipids. A substudy was performed on this data that showed a significant decrease at 48 weeks from baseline in total cholesterol (15.02%), low-density lipoprotein cholesterol (12.66%), and triglycerides (34.17%).[@b58-idr-7-073] Similarly, at 24 weeks in the SWITCHMRK study, patients who were changed to RAL experienced a mean decrease in total cholesterol from baseline of 12.8% and a decrease in tri glycerides of 41.5%. The decrease in low-density lipoprotein was reported as 2.4% and was not found to be statistically significant.[@b47-idr-7-073] Patients transitioned from an efavirenz-based regimen indicated a preference for RAL-based regimens due to a reduction in CNS adverse effects; most notably, anxiety and insomnia.[@b44-idr-7-073],[@b45-idr-7-073],[@b49-idr-7-073]

Place in therapy
================

Due to its relative lack of drug interactions and generally low adverse effect profile, RAL has become a useful addition in the treatment of HIV infection. Its novel mechanism of action at time of approval also made RAL extremely beneficial in the treatment of patients with extensive drug resistance. It is a preferred/recommended agent for initial therapy by the United States Department of Health and Human Services adult and adolescent treatment guidelines, the International AIDS Society-USA treatment guidelines, and the European AIDS Clinical Society treatment guidelines.[@b59-idr-7-073]--[@b61-idr-7-073] Currently, it is still considered an alternate agent by the United States Department of Health and Human Services pediatric treatment guidelines simply due to lack of use and data.[@b62-idr-7-073]

Describing the place in therapy for antiretroviral agents is complicated by the personalized nature of antiretroviral selection. Although there are treatment guidelines in place, each patient should be viewed individually and therapy should be tailored, based on patient characteristics. For treatment-experienced patients, resistance-testing strongly guides antiretroviral choice. The one evident drawback to RAL when compared to the other preferred agents is the need for twice-daily administration. RAL has been evaluated at a dose of 800 mg once daily compared to the approved twice-daily dosing, but failed to meet noninferiority criteria.[@b63-idr-7-073],[@b64-idr-7-073] It may be that the virologic outcomes are so strong with twice-daily RAL and, if compared to other preferred regimens, once-daily dosing would be found noninferior; however, this discussion is outside the scope of this article.[@b63-idr-7-073],[@b64-idr-7-073] Currently, the approved and recommended dosing for RAL is 400 mg twice daily.[@b50-idr-7-073]

The advantages of a RAL-based regimen include the limited drug interactions, relative lack of adverse effects, and anticipated low de novo resistance rates. Nonetheless, with the approval of newer integrase inhibitors such as DTG, several of these advantages are lost, given similar metabolism and adverse effect profiles combined with the advantage of once-daily administration.[@b65-idr-7-073] In light of these similarities, sequencing of antiretroviral medications remains an important consideration when selecting therapy. As DTG retains activity against some RAL-resistant viruses, it may be prudent to consider RAL earlier in therapy despite twice-daily administration. If virologic failure were to occur due to RAL resistance mutations, a second integrase inhibitor remains a treatment option.[@b65-idr-7-073]

Conclusion
==========

RAL was the first INSTI approved for treatment of HIV infection. Five-year clinical trial outcomes and clinical experience have demonstrated durable virologic suppression in both treatment-naïve and treatment-experienced patients alike, including patients with extensive antiretroviral history and documented antiretroviral resistance. Studies have also exhibited low adverse effect rates and reliable long-term safety lending to improved tolerance. Given its negligible interaction with the cytochrome P450 system, RAL displays minimal drug--drug interactions, making it a good option for patients on multiple medications. RAL is currently a preferred agent for first-line therapy in both United States and European treatment guidelines. Over the past 6 years of clinical use, it has proven an effective and beneficial addition to antiretroviral therapy.
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###### 

Summary of raltegravir efficacy studies with antiretroviral-naïve patients

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study                                             Design                       Eligibility                                                         Treatment                                                    Efficacy results
  ------------------------------------------------- ---------------------------- ------------------------------------------------------------------- ------------------------------------------------------------ ------------------------------------------------------------------------------
  **Comparative trials**                                                                                                                                                                                          

  STARTMRK 1 and 2[@b6-idr-7-073],[@b8-idr-7-073]   Phase III\                   Age ≥18 years\                                                      RAL 400 mg BID + TDF/FTC\                                    \<50 c/mL in RAL arm (non-completion = failure)\
                                                    R, DB, AC, MC\               ART-naïve\                                                          EFV 600 mg Qday + TDF/FTC                                    16 weeks: 86%; 48 weeks: 86%; 96 weeks: 81%; 156 weeks: 75%; 240 weeks: 71%\
                                                    1:1 allocation ratio         HIV-1 RNA\                                                                                                                       6 patients discontinued by week 240 due to lack of efficacy
                                                                                 \>5,000 c/mL                                                                                                                     

  Protocol 004[@b33-idr-7-073],[@b34-idr-7-073]     Phase II\                    Age ≥18 years\                                                      RAL 100 mg BID + TDF + 3TC\                                  \<400 c/mL in RAL arm (non-completion = failure)\
                                                    R, DB, AC, MC\               ART-naïve\                                                          RAL 200 mg BID + TDF + 3TC\                                  24 weeks: 85%; 48 weeks: 85%; 240 weeks: 80%\
                                                    1:1:1:1:1 allocation ratio   HIV-1 RNA\                                                          RAL 400 mg BID + TDF + 3TC\                                  \<50 c/mL in RAL arm (non-completion = failure)\
                                                                                 ≥5,000 c/mL\                                                        RAL 600 mg BID + TDF + 3TC\                                  240 weeks: 69%\
                                                                                 CD4+ T-cell counts\                                                 EFV 600 mg Qday + TDF + 3TC\                                 4 patients discontinued by week 240 due to lack of efficacy
                                                                                 ≥100 cells/mm^3^                                                    At week 48, all RAL patients consolidated into RAL 400 mg\   
                                                                                                                                                     BID + TDF + 3TC                                              

  SPRING-2[@b35-idr-7-073],[@b36-idr-7-073]         Phase III\                   Age ≥18 years\                                                      RAL 400 mg BID + (TDF/FTC or ABC/3TC)\                       \<50 c/mL in RAL arm (intention-to-treat)\
                                                    R, DB, AC, MC\               ART-naïve\                                                          DTG 50 mg Qday + (TDF/FTC or ABC/3TC)                        8 weeks: 79%; 48 weeks: 85%; 96 weeks: 76%\
                                                    1:1 allocation ratio         HIv-1 RNA\                                                                                                                       14 patients discontinued by week 96 due to lack of efficacy
                                                                                 \>1,000 c/mL\                                                                                                                    
                                                                                 No primary resistance in reverse transcriptase or protease enzyme                                                                

  PROGReSS[@b38-idr-7-073]                          Phase III\                   Age ≥18 years\                                                      RAL 400 mg BID + LPV/r\                                      \<40 c/mL in RAL arm (non-completion = failure)\
                                                    R, OL, AC,\                  ART-naïve\                                                          TDF/FTC + LPV/r                                              24 weeks: 83%; 48 weeks: 83%; 96 weeks: 66%\
                                                    1:1 allocation ratio         HIV-1 RNA\                                                                                                                       1 patient discontinued by week 96 due to lack of efficacy
                                                                                 \>1,000 c/mL                                                                                                                     

  **Non-comparative trials**                                                                                                                                                                                      

  SHIELD[@b37-idr-7-073]                            OL                           Age ≥18 years\                                                      RAL 400 mg BID + ABC/3TC                                     \<400 c/mL in RAL arm (non-completion = failure)\
                                                                                 ART-naïve\                                                                                                                       24 weeks: 95%; 48 weeks: 88%; 96 weeks: 80%\
                                                                                 HIV-1 RNA\                                                                                                                       \<50 c/mL in RAL arm (non-completion = failure)\
                                                                                 \>1,000 c/mL\                                                                                                                    24 weeks: 92%; 48 weeks: 88%; 96 weeks: 77%\
                                                                                 HLA-B\*5701-negative                                                                                                             7 patients discontinued by week 96 due to lack of efficacy
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** 3TC, lamivudine; ABC/3TC, abacavir/lamivudine fixed-dose combination; AC, active controlled; ART, antiretroviral therapy; BID, twice daily; c/mL, copies/milliliter; DB, double blind; DTG, dolutegravir; EFV, efavirenz; LPV/r, lopinavir/ritonavir; MC, multicenter; OBT, optimized background therapy; OL, open label; PC, placebo controlled; Qday, daily; R, randomized; RAL, raltegravir; RNA, ribonucleic acid; TDF, tenofovir; TDF/FTC, tenofovir/emtricitabine fixed-dose combination.

###### 

Summary of raltegravir efficacy studies with antiretroviral-experienced patients

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study                                             Design                      Eligibility                                                                     Treatment                                                     Efficacy results
  ------------------------------------------------- --------------------------- ------------------------------------------------------------------------------- ------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------
  **Comparative trials**                                                                                                                                                                                                      

  BENCHMRK 1 and 2[@b7-idr-7-073],[@b9-idr-7-073]   Phase III\                  Age ≥16 years\                                                                  RAL 400 mg BID + OBT\                                         \<400 c/mL in RAL arm (non-completion = failure)\
                                                    R, PC, MC\                  ART-experienced\                                                                Placebo BID + OBT                                             16 weeks: 77%; 48 weeks: 72%; 96 weeks: 62%; 156 weeks: 54%; 240 weeks: 45%\
                                                    2:1 allocation ratio\       HIV-1 RNA \>1,000 c/mL (on ART)\                                                                                                              77% of patients continuing from week 156 to week 240 maintained viral loads,50 c/mL with only 8 withdrawals due to virologic failure
                                                    DB week 156\                3 ART class resistance                                                                                                                        
                                                    OL week 240                                                                                                                                                               

  Protocol 005[@b39-idr-7-073],[@b40-idr-7-073]     Phase II\                   Age ≥18 years\                                                                  RAL 200 mg BID + OBT\                                         \<400 c/mL in RAL arm (non-completion = failure)\
                                                    R, PC, MC\                  ART-experienced\                                                                RAL 400 mg BID + OBT\                                         24 weeks: 70%; 48 weeks: 68%; 96 weeks: 55% Of the 94 RAL patients who entered the OL, only 3 discontinued prior to 96 weeks due to lack of efficacy
                                                    1:1:1:1 allocation ratio\   INSTI-naïve\                                                                    RAL 600 mg BID + OBT\                                         
                                                    DB week 24\                 HIV-1 RNA \>5,000 c/mL\                                                         Placebo BID + OBT                                             
                                                    OL week 96                  3 ART class resistance                                                                                                                        

  Study 145[@b41-idr-7-073]                         Phase III\                  Age ≥18 years\                                                                  RAL 400 mg BID + EVG placebo Qday + boosted PI + 3rd agent\   \<50 c/mL in RAL arm (ITT)\
                                                    R, DB, AC, MC\              ART-experienced\                                                                EVG 150 mg Qday + RAL placebo BID + boosted PI + 3rd agent    48 weeks: 58%; 96 weeks: 45%\
                                                    1:1 allocation ratio        INSTI-naïve\                                                                                                                                  Between weeks 48 and 96, virologic failure occurred in 6.3% of RAL patients
                                                                                HIV-1 RNA \>1,000 c/mL (on ART)\                                                                                                              
                                                                                2 ART class resistance or 6 months' experience with at least 2 classes of ART                                                                 

  **Non-comparative trials**                                                                                                                                                                                                  

  SALIR[@b42-idr-7-073]                             OL, MC                      ART-experienced                                                                 RAL 400 mg BID + OBT                                          292/320 patients remained on their initial regimen at 96 weeks\
                                                                                                                                                                                                                              273/300 patients still receiving RAL at week 96 achieved viral load \<50 c/mL

  TRIO[@b43-idr-7-073]                              Phase II\                   HIV-1 RNA \>1,000 c/mL (on ART)\                                                RAL 400 mg BID + ETR\                                         \<50 c/mL (missing = failure)\
                                                    OL, MC                      Naïve to RAL, DRV, ETR\                                                         200 mg BID + DRV/r\                                           24 weeks: 90%; 48 weeks: 86%; 96 weeks: 88%\
                                                                                ≥3 PI resistance mutations, DRV susceptible\                                    600/100 mg BID ± OBT\                                         19/103 patients with virologic failure in 96 weeks, 12 before 48 weeks, 7 between weeks 48 and 96\
                                                                                ≥3 NRTI resistance mutations ETR susceptible                                    (T20 or NRTI)                                                 Virologic success did not differ regardless of presence of OBT
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** AC, active controlled; ART, antiretroviral therapy; BID, twice daily; c/mL, copies/milliliter; DB, double blind; DRV, darunavir; DRV/r, darunavir/ritonavir; ETR, etravirine; EVG, elvitegravir; INSTI, integrase strand-transfer inhibitor; ITT, intention-to-treat analysis; MC, multicenter; NRTI, nucleoside reverse-transcriptase inhibitor; OBT, optimized background therapy; OL, open label; PC, placebo controlled; PI, protease inhibitor; Qday, daily; R, randomized; RAL, raltegravir; RNA, ribonucleic acid; T20, enfuvirtide.

###### 

Summary of raltegravir switch studies

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study                                              Design                 Eligibility                                          Treatment                                                                Efficacy results
  -------------------------------------------------- ---------------------- ---------------------------------------------------- ------------------------------------------------------------------------ ---------------------------------------------------------------------------------------------------
  SWITCHMRK 1 and 2[@b47-idr-7-073]                  Phase III\             Age ≥18 years\                                       LPV/r 400/100 mg BID + BBR\                                              \<50 c/mL at week 24 (non-completion = failure)\
                                                     R, DB, AC, MC\         HIV-1 RNA \<50 c/mL for ≥3 months on LPV/r regimen   RAL 400 mg BID + BBR                                                     RAL: 84.4% (293/347)\
                                                     1:1 allocation ratio                                                                                                                                 LPV/r: 90.6% (319/352)\
                                                                                                                                                                                                          Did not establish noninferiority of RAL to LPV/r, leading to early termination

  EASIER ARNS 138[@b45-idr-7-073],[@b48-idr-7-073]   R, OL, MC\             Age ≥18 years\                                       ENF 90 mg SQ BID + BBR\                                                  \<50 c/mL at week 24 (ITT)\
                                                     1:1 allocation ratio   ART-experienced\                                     RAL 400 mg BID + BBR\                                                    RAL: 88%\
                                                                            INSTI-naïve\                                         At week 24, ENF arm was offered to switch to RAL; all of them switched   ENF: 89%\
                                                                            HIV-1 RNA \<400 c/mL for \>3 months on ENF regimen                                                                            \<50 c/mL at week 48\
                                                                                                                                                                                                          RAL: 90%

  SPIRAL[@b46-idr-7-073]                             R, OL, MC\             Age ≥18 years\                                       RTV-boosted PI + BBR\                                                    \% free of treatment failure at week 48 (non-completion = failure)\
                                                     1:1 allocation ratio   PI-based ART\                                        RAL 400 mg BID + BBR                                                     RAL: 89.2%\
                                                                            HIV-1 RNA \<50 c/mL for 6 months\                                                                                             RTV-boosted PI: 86.6%
                                                                            INSTI-naïve                                                                                                                   

  CHEER[@b49-idr-7-073]                              OL, MC, HC             Age ≥18 years\                                       ENF 90 mg SQ BID + BBR\                                                  \<50 c/mL at week 24 (ITT)\
                                                                            ENF-based ART\                                       RAL 400 mg BID + BBR                                                     RAL: 94.2% (one virologic failure prior to week 24)
                                                                            HIV-1 RNA \<50 c/mL for 6 months\                                                                                             
                                                                            INSTI-naïve                                                                                                                   

  SWITCH-ER[@b44-idr-7-073]                          R, DB, CO              Age ≥18 years\                                       Week 1 and 2\                                                            Patient preference at week 4\
                                                                            EFV-based ART\                                       Group 1\                                                                 64% expressed a preference: 35% favored EFV, 65% favored RAL 36% reported two treatments as equal
                                                                            HIV-1 RNA \<50 c/mL for 3 months                     RAL 400 mg BID + EFV placebo + BBR\                                      
                                                                                                                                 Group 2\                                                                 
                                                                                                                                 EFV 600 mg Qday + RAL placebo + BBR\                                     
                                                                                                                                 Week 3 and 4\                                                            
                                                                                                                                 Group 1\                                                                 
                                                                                                                                 EFV 600 mg Qday + RAL placebo + BBR\                                     
                                                                                                                                 Group 2\                                                                 
                                                                                                                                 RAL 400 mg BID + EFV placebo + BBR                                       
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** AC, active controlled; ART, antiretroviral therapy; BBR, baseline background regimen; BID, twice daily; c/mL, copies/milliliter; CO, cross-over; DB, double blind; EFV, efavirenz; ENF, enfuvirtide; HC, historic control; INSTI, integrase strand-transfer inhibitor; ITT, intention-to-treat analysis; LPV/r, lopinavir/ritonavir; MC, multicenter; OL, open label; PI, protease inhibitor; Qday, daily; R, randomized; RAL, raltegravir; RNA, ribonucleic acid; RTV, ritonavir; SQ, subcutaneous.
